TITLE OF THE INVENTION 
A SPARK PLUG FOR AN ENGINE FOR A COGENERATION SYSTEM 
BACKGROUND OF THE INVENTION 

1. Field of the Invention 

5 This invention relates to a spark plug for an engine for a 

cogeneration system. 

2. Description of the Prior Art 

In the gas engine in a cogeneration system, fuel is ignited 
with a spark plug. In this spark plug, the heat load to the electrode 
10 is greater than that to the spark plug for automobile engines because 
the engine for the cogeneration system is required to continuously 
run. 

U. S. Patent No. 5369328 discloses a spark plug for 
cogeneration comprising ground electrodes confronting each other, 

15 and a central electrode arranged between the ground electrodes. 
The central electrode has a prism-shaped attachment portion which 
is square in plan view and which comprises a platinum-rhodium 
alloy. The prism-shaped attachment portions carried by a pin- 
shaped part of the center electrode which projects into a central 

20 opening in the attachment portion and is welded or soldered or 

brazed thereto at the top surface of the prism-shaped portion. As a 
result, the weld portion is subject to affection of the heat from the 
combustion gas. Therefore, the weld portion that is derived from 
melted platinum-rhodium alloy and the material of the central 

25 electrode cannot resist the heat load for long interval, so that there is 
considerable wear at that portion. 



SUMMARY OF THE INVENTION 
The aim of the present invention is to provide a superior 
spark plug. 

According to the present invention, a first aspect of the 
5 present invention provides a spark plug for a cogeneration engine 
comprising: a tubular housing; a central bar electrode supported by 
said tubular housing in said tubular housing with electrical 
insulation therebetween; a first bar discharge member being 
arranged at one end of said central bar electrode, comprising Ir alloy, 

10 and protruding from one end of said tubular housing along an axis 
of said center electrode; a plate ground electrode being arranged at 
said one end of said tubular housing in a radial direction of said axis 
and having one end surface confronting a side surface of said first 
bar discharge member; and a second discharge member being 

15 arranged on said end surface and having a surface confronting said 
side surface, spark discharge being generated at a gap between said 
first and second discharge members, wherein if it is assumed that a 
distance of said gap is G, a width of said side surface in a normal 
direction of a plane including said radial direction and said axis is D, 

20 and a width of said surface in said normal direction is A, G is equal 
to or greater than 0.2 mm and equal to or lower than 0.6 mm, D is 
equal to or greater than 1.6 mm, | A - D j is equal to or lower than a 
result of adding 0.5 mm to G. 

According to the present invention, a second aspect of the 

25 present invention provides a spark plug based on the first aspect, 
wherein D is equal to or lower than 5.0 mm. 



According to the present invention, a third aspect of the 
present invention provides a spark plug based on the first aspect 
further comprises a weld portion between said one end of said 
central electrode and said first bar discharge member, wherein a 
5 maximum cross-sectional area of said weld portion on a plane 
perpendicular to said axis is equal to or lower than 8 mm 2 . 

According to the present invention, a fourth aspect of the 
present invention provides a spark plug based on the first aspect, 
wherein said one end of said central electrode is welded to a surface 
10 of said first bar discharge member on the side of said central 
electrode. 

According to the present invention, a fifth aspect of the 
present invention provides a spark plug based on the first aspect, 
said spark plug further comprises a weld portion between said one 

15 end of said central electrode and said first bar discharge member, 
said weld portion being provided by laser welding, wherein said 
weld portion does not confront said surface of said second discharge 
member, if it is assumed that a shortest distance between said weld 
portion and said second discharge member is L, L is equal to or 

20 greater than G. 

According to the present invention, a sixth aspect of the 
present invention provides a spark plug based on the fifth aspect, 
wherein L is equal to or greater than a result of adding 0.2 mm to G. 
According to the present invention, a seventh aspect of the 

25 present invention provides a spark plug based on the first aspect, 
wherein each of said first and second discharge members comprises 
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Ir and at least one of Rh, Pt, Ru, Pd, and W. 

BRIEF DESCRIPTION OF THE DRAWINGS 
The object and features of the present invention will become 
more readily apparent from the following detailed description taken 
5 in conjunction with the accompanying drawings in which: 

Fig. 1 shows a side elevation view, partly in cross section, of a 
side electrode type of spark plug according to the invention; 

Fig. 2A shows an enlarge side elevational view in cross 
section of a spark discharging portion; 
10 Fig. 2 B shows a section taken on line B-B in Fig. 2A; 

Fig. 3A shows a plan view of another example of the first 
discharge member; 

Fig. 3B is a sectional side elevational view taken on the line C- 
C in Fig. 3A; 

15 Figs. 4A and 4B are cross-sectional plan views of examples of 

the first and second discharge members; 

Fig. 5 is a graphical drawing showing the relation between the 
discharge width T and the gap G with the width D being varied; 

Fig. 6 is a graphical drawing showing the relation between the 
20 shortest distance L (mm) and a ratio (%) of undesirable spark to the 
weld portion; and 

Figs. 7 A, 7B, 8A to 8C show modifications of this embodiment. 
The same or corresponding elements or parts are designated 
with like references throughout the drawings. 
25 DETAILED DESCRIPTION OF THE INVENTION 

The spark plug according to this embodiment is used for a gas 



engine for an electric generator in a cogeneration system for example. 
Fig. 1 shows a side elevation view, partly in cross section, of a side 
electrode type of spark plug 100 according to the invention. The 
side electrode type of spark plugs have a central electrode 20 and a 
5 ground electrode 40 arranged on the side of the central electrode 20, 
wherein spark discharge occurs across their gap extending in a 
substantially perpendicular direction to the axis of the center 
electrode 30. 

Fig. 2A shows an enlarged side elevational view in cross 

10 section of a spark discharging portion and Fig. 2 B shows a section 
taken on line B-B in Fig. 2A. 

The spark plug 100 includes a tubular metal housing 10 
having an inner hole 36 therein and has a thread portion 11 for 
mounting on an engine block (not shown). The housing 10 supports 

15 an insulator 20 made of alumina ceramics (AI2O3) or the like in the 
inner hole 36 of the housing 10. A tip 21 of the insulator is exposed 
to the space at one end 12 of the housing 10. 

The insulator 20 supports the central electrode 30 in an axial 
hole 22 thereof, so that the housing 10 supports the central electrode 

20 30 with insulation. A tip 31 of the central electrode 30 is exposed to 
the space at one end 12 of the housing 10 before welding. The 
central electrode 30 includes an inner material and an outer material 
around the inner material. The inner material includes a metallic 
material having a superior heat conductivity such as Cu. The outer 

25 material includes a metallic material having a superior heat 

resistance and a superior corrosion resistance such as Ni group alloy. 



In this embodiment, the central electrode 30 has a cylindrical shape. 

At the tip 31 of the central electrode 30, a first discharge 
member 32 having a bar shape comprising Ir alloy is provided with 
agreement of the axis AX of the first discharge member 32 with the 
5 axis of the central electrode 30. The first discharge member 32 

protrudes from one end 12 of the housing 10 along the axis AX of the 
first discharge member 32 and the central electrode 30. In this 
embodiment, the first discharge member 32 has a bar shape 
(cylindrical shape) having a circular cross sectional area, and the tip 

10 31 of the central electrode 30 is welded to a surface of the first 

discharge member 32 on the side of the central electrode 30 by means 
of laser welding, so that a weld (alloy) portion 33 in which materials 
of the central electrode 30 and first discharge member 32 are melted, 
alloyed with each other, and hardened. The weld portion 33 does 

15 not confront a surface of the second discharge member 42 mentioned 
later. 

At the one end 12 of the housing 10, two ground electrodes 40 
are fixed to the housing 10 by means of welding or the like in a 
radial direction RD of the axis AX. These ground electrodes 40 

20 includes a Ni alloy or Fe alloy or the like. In this embodiment, the 
ground electrode 40 has a post shape of which section is a 
rectangular. An end (end surface) 41 of the ground electrode 40 
opposite to one end 12 of the housing 10 confronts the side surface 35 
of the first discharge member 32. These ground electrodes 40 are 

25 arranged at the opposite positions on the circular shape of the end 12, 
so that the first discharge member 32 on the center electrode 32 is 



arranged between these ground electrodes 40 with spark gaps 50. 

At the end 41 of the ground electrode 40, a second discharge 
member 42 has a plate shape including Ir alloy and is arranged with 
its surface confronting a side surface 35 of the first discharge 
5 member 32. In this embodiment, the second discharge member 42 
comprises a circular plate and welded to the end surface 41 of the 
ground electrode 40 by laser welding with the weld portion 43 being 
formed in which both materials of the ground electrode 40 and the 
second discharge member 42 are melted, alloyed, and hardened so 
10 that the ground electrode 40 is connected to the second discharge 
member 42. 

Each of the first and second discharge members 32 and 42 
mainly includes Ir and at least one of Rh (rhodium), Pt, Ru 
(ruthenium), Pd (palladium), and W(tungsten) is added thereto. In 

15 this embodiment, each of the first and second discharge member 32 
includes Ir alloy including 90% Ir and 10% Rh by weight (hereinafter, 
this alloy is referred to as Ir-lORh). 

In the side electrode type of the spark plug 100 according to 
this embodiment, sizes at the first and second discharge members 32 

20 and 42 and the spark discharge gaps 50 are determined as follows: 
As shown in Figs. 2A and 2B, it is assumed that the distance 
of the spark gap is G, a width of the side surface confronting the 
second discharge member 42 surface (in a normal direction ND of a 
plane PL1 including said radial direction RD and said axis AX) is D, 

25 a width of the surface of the second discharge member 42 

confronting the first discharge member 32 in the normal direction 
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ND is A. In this embodiment the width D agrees with a diameter of 
the first discharge member 32 and the width A agrees with a 
diameter of the second discharge member 42 of which shape is 
circular plate. 

5 The distance G of the gap is equal to or greater than 0.2 mm 

and equal to or lower than 0.6 mm. The width D is equal to or 
greater than 1.6 mm and is equal to or lower than the result of 
adding 0.5 mm to an absolute value | A - D | . The reason for setting 
the distance G of the gap to 0.2 mm S G ^ 0.6 mm is to prevent 

10 misfire. This is because the spark plug 100 for cogeneration 

requires a high discharge voltage and thus, this range is provided to 
satisfy this requirement with stable operation without misfire. 

Moreover, D ^ 1.6 mm is determined from the experimental 
result made by the inventor. In operation of the plug 100, sparks 

15 are developed across the gap G, that is, between the side surface 35 
of the first discharge member 32 and the surface 34 of the second 
discharge member 42. Accordingly, both of the surface 34 and the 
side surface 35 become worn and thus, the gap G becomes greater 
than the initial value gradually. 

20 For example, it is judged that there is an actual wear 

resistance if a test is made under the condition that the spark plug 
100 is continuously operated in a usual condition for 2000 hours, and 
if the difference between the initial value and the value after the test 
in the gap G is equal to or lower than 0.3 mm. In other words, if the 

25 difference between the initial value and the value after the test in the 
gap G is greater than 0.3 mm, the misfire will occur. According to 



the wear resistance test, the inventor discovered that the width D of 
the first discharge member 32 is required to be equal to or greater 
than 1.6 mm that is greater than the conventional value to suppress 
the wear on the side surface 35 of the first discharge member 32 to 
5 prevent misfire. 

However, in the spark plugs for cogeneration of which outer 
diameter at the mounting screw portion 11 of the housing 10 is 
generally from 14 to 18 mm, the width D of the first discharge 
member 32 should be made lower than 5. 0 mm. This is because it is 

10 difficult to contain the ground electrode 40 within the outer diameter 
of the mounting screw portion 11 if the width D of the first discharge 
member 32 is made greater than 5. 0 mm. 

Moreover, in the case that the tip 31 of the central electrode 30 
is welded to the first discharge member 32 by laser welding as 

15 described above, if the maximum sectional area (connecting area) of 
welding portion 33 on a plane PL2 perpendicular to the axis AX is 
grater than 8 mm 2 , heat stress at the welding portions becomes large, 
so that cracks will occur. Accordingly, there is possibility that the 
first discharge member 32 may be disconnected from the central 

20 electrode 30. Then, to favorably keep the connection between the 

tip 31 of the central electrode 30 and the first discharge member 32, it 
is desirable that 1. 6 mm S D S 5.0 mm and the maximum 
sectional area at the soldering portion 33 is equal to or lower than 8 
mm 2 . 

25 To provide further improved wear resistance and connection 

between the first discharge member 32 and the central electrode 30, 
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another example of the first discharge member 32 and the central 
electrode 30 are shown in Figs. 3A and 3B. Fig. 3A shows a plan 
view of another example of the first discharge member 32 and Fig. 3B 
is a sectional side elevational view taken on the line C-C. 
5 As shown in Figs. 3A and 3T3, the rectangular shape on the 

cross section perpendicular to the axis AX makes the width D of the 
first discharge electrode member 32 as larger as possible within the 
maximum size of 5.0 mm. Accordingly, the lifetime of the spark 
plug 100 is improved. 

10 On the other hand, the diameter of the central electrode 30 is 

made lower than the width D of the first discharge electrode 32, and 
the central electrode 30 is connected to the surface of the first 
discharge member 32 on the side of the center electrode 30 by laser 
welding with the weld portion 33 in which both materials of the 

15 central electrode 30 and the first discharge member 32 were melted 
and mixed as alloy. Accordingly, the maximum section at the alloy 
portion 33 on the plane PL2 perpendicular to the axis AX is made 
lower than 8 mm 2 to reduce the heat stress at the weld portion 33 to 
provide favorable connection. 

20 Moreover, the inventor experimentally discovered that it is 

favorable to make the absolute | A - D | equal to or lower than the 
result of adding 0. 5 mm to the gap G from studying the relation 
between the sizes of the first and second discharge members 32 and 
42 and the range of spark discharge (discharge width T in the normal 

25 direction ND on the surface of the second discharge member 42). 

This feature is not essential in this invention but this example will be 



described. 

In this example, Ir-lORh is used for the first and second 
discharge members 32 and 42 and 1. 6mm 2s D S 2.4 mm, and 0. 2 
mm ^ G ^ 0.6 mm and as shown in Fig. 4A, a circle plate of which 
5 width (diameter) A is 4 mm, which is rather large, is used for the 
second discharge member 42. This spark plug 100 is mounted on a 
chamber in which pressure is increased to 0. 6 MPa, and spark 
discharge is developed. 

Then, the spark discharge occurs at the range radially 

10 extending from the side surface of the first discharge member 32 to 
the surface of the second discharge member 42. At the surface of 
the second discharge member 42, the discharge width T represents 
the discharge range on the surface. 

Fig. 5 is a graphical drawing showing the relation between the 

15 discharge width T and the gap G with the width D being varied. In 
the drawing, Orepresents the variation of the discharge width T 
with the width D of 1.6 mm, A represents the variation of the 
discharge width T with the width D of 2.0 mm, and □ represents 
the variation of the discharge width T with the width D of 2.4 mm. 

20 As shown in Fig. 5, there is the tendency that the discharge 

width T is substantially equal to the result of adding the width D of 
the first discharge member 32 to the distance G of the spark 
discharge gap 50. That is, there is a relation of T == D + G. 
Accordingly, if the width A of the second discharge member 42 is 

25 lower than (D + G), the area outside the discharge width T, that is, 
the area which does not contribute the spark discharging, can be 
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eliminated. Hence, to make the lifetime longer with a larger width 
A, it is favorable that the width A is equal to (D + G). 

Moreover, the first and second discharge members 32 and 42 
may be dislocated from the correct locations due to dispersion in 
5 manufacturing process. For example, if the second discharge 
member 42 is dislocated from the center axis AX of the first 
discharge member 32 as shown in Fig. 4B (upwardly in the drawing), 
all of the surface of the second discharge member 42 is not located at 
the discharge area T. Accordingly, there is an useless portion 

10 though the width A of the second discharge member 42 is made 
equal to (D + G). 

This dislocation is generally within about 0. 5 mm, so that the 
width A of the second discharge member 42 should be equal to or 
lower than the result of adding 0. 5 mm to (D + G). Hence, the 

15 relation of A ^ D + G + 0.5 mm (relation 1) is provided. 

Accordingly, setting the width A of the second discharge member 42 
within the range defined by the relation 1 eliminates the useless 
portion. 

On the contrary to the case shown in Figs. 4A and 4B, the 
20 width A of the second discharge member 42 may be smaller than the 
width D of the first discharge member 32. In this case, the 
discharge range T radially expands from the surface of the second 
discharge member 42 to the side surface of the first discharge 
member 32. The inventor similarly studied this case, so that the 
25 relation of D ^ A + G + 0.5 mm (relation 2). From the relations (1) 
and (2), the relation | A - D | ^ G + 0.5 mm. 



As mentioned above, in this embodiment, the sizes of the first 
and second discharge members 32 and 42 are increased under the 
condition of 0. 2 mm 5s G ^ 0. 6 mm and D ^ 1.6 mm. The 
spark plug 100 provides a long lifetime as a spark plug for a 
5 cogeneration system up to the actual level (for example, continuous 
running for more than 2000 hours). 

Moreover, at first, the first discharge member 32 of which 
width D is sufficiently increased for long lifetime, and then, the 
width A of the second discharge member 42 is determined, so that 
10 useless portion at the first or second discharge member 32 or 42 can 
be eliminated substantially with long lifetime. 

Moreover, in this embodiment, the tip 31 of the central 
electrode 30 is connected to the first discharge member 32 by laser 
welding with the weld portion 33. In this case, as shown in Fig. 2A, 
15 if it is assumed that the shortest distance between the weld portion 
33 and the second discharge member 42 is L, it is favorable that the 
shortest distance L is greater than the distance G of the spark 
discharge gap 50. 

The inventor experimentally discovered this relation as a 
20 result of studying the relation between the shortest distance L and 
the undesirable spark discharge to the weld portion 33. 

More specifically, the Ir-lORh is used for the first and second 
discharge members 32 and 42. The width D of the first discharge 
member 32 is 2.0 mm. The width A of the second discharge member 
25 42 is 2.0 mm. In this condition, the shortest distance L is changed 
with the distances G of 0.2, 0.4, and 0.6 mm. The spark plug 100 is 
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mounted on the chamber in which pressure is increased to 0.6 Mpa, 
and spark discharge is developed to obtain a ratio of undesirable 
sparks to the weld portion 33 through observing the discharge 
condition. 

5 Fig. 6 is a graphical drawing showing the relation between the 

shortest distance L (mm) and the ratio (%) of the number of times of 
undesirable sparks to the weld portion 33 to all the number of sparks. 
The inventor discovered that the wear at the weld portion 33 can be 
suppressed to the actual use level by controlling the undesired spark 

10 to the weld portion 33 under 20%. 

The result shown in Fig. 6 shows that the ratio of the number 
of times of undesirable sparks to the weld portion 33 can be 
suppressed under 20%, if the shortest distance L is equal to or 
greater than 0.2 mm when the distance G of the gap is 0.2 mm (O). 

15 Moreover, the ratio can be suppressed under 20%, if the shortest 

distance L is equal to or greater than 0.4 mm when the distance G of 
the gap is 0.4 mm (A), or if the shortest distance L is equal to or 
greater than 0.6 mm when the distance G of the gap is 0.6 mm (□). 
That is, if the shortest distance L is equal to or greater than the 

20 distance G of the spark discharge gap 50, the ratio of the undesirable 
spars to the weld portion 33 can be suppressed fewer than 20%. 

Moreover, as can be seen from Fig. 6, if the shortest distance L 
is equal to or greater than 0.3 mm when the distance G = 0.2 mm, all 
sparks occur between the side surface 35 of the first discharge 

25 member 32 and the surface 34 of the second discharge member 42. 
Further, if the shortest distance L is equal to or greater than 0.6 mm 



when the distance G = 0.4 mm, all sparks occur between the side 
surface 35 of the first discharge member 32 and the surface 34 of the 
second discharge member 42. Moreover, if the shortest distance L is 
equal to or greater than 0.8 mm when the distance G = 0.6 mm, all 
5 sparks occur between the side surface 35 of the first discharge 

member 32 and the surface 34 of the second discharge member 42. 
Thus, spark to the weld portion 33 is prevented. 

Accordingly, if L ^ G, and more preferably L 2£ G + 0.2 
(mm), the probability of occurrence of spark between the weld 
10 portion 33 and the second discharge member 42 can be suppressed to 
reduce the wear at the weld portion 33, so that connection of the 
central electrode 30 to the first discharge member 32 can be favorably 
provided. 

As mentioned above, according to this embodiment, in the 
15 side electrode type of spark plug, the sizes of the first and second 
discharge members 32 and 42 are increased to provide a longer 
lifetime. Further, the sizes of the first and second discharge 
members 32 and 42 are optimized. Hence, a useless portion, which 
does not contribute to spark discharge in the first and second 
20 discharge members 32 and 42 can be eliminated. Further, 

connection of the first discharge member 32 to the central electrode 
30 can be provided favorably. 
(MODIFICATIONS) 

In the spark plug 100 shown in Fig. 1, two ground electrodes 
25 40 are provided. However, the number of the ground electrodes is 
not limited to this. That is, the number of the ground electrodes 



may be one or three as shown in Fig. 7 A. Fig. 7B shows the spark 
plug having four ground electrodes. 

In the spark plug 100 shown in Fig. 1, the cross section of the 
first discharge member 32 is a circle. However, the shape of the 
5 cross section of the first discharge member 32 is not limited to a 
circle if only the first discharge member 32 is a bar. As shown in 
Figs. 8A to 8C, the cross section of the first discharge member 32 may 
be a substantially rectangular as shown in Fig. 8A, or a triangle as 
shown in Fig. 8B. Further, as shown in Fig. 8C, the number of the 

10 ground electrodes may be four and each ground electrode confronts 
each side of the rectangular on the cross-sectional view. 

Further, in the spark plug 100 shown in Fig. 1, the shape of 
the second discharge member 42 is a circle plate. However, the 
second discharge member 42 may have any other shape if only it is a 

15 plate. For example, the shape may be an oval, a rectangular plate, 
or a triangle plate. 

Moreover, it is sufficient that the tip of the ground electrode 
confronts the side surface of the first discharge member, and the 
shape of the ground electrode is not limited to the L shape. 

20 Moreover, connection of the central electrode 30 to the first discharge 
member 32, and connection of the ground electrode 40 to the second 
discharge member 42 may be provided with plasma welding. 



